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comprising a second semiconductor material and covering
the active layer, wherein at least some of the luminescent
material particles are arranged between the active regions,
and wherein a diameter of a majority of the luminescent
maternial particles 1s smaller than a distance between two
adjacent active regions.
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OPTOELECTRONIC SEMICONDUCTOR
COMPONENT AND METHOD FOR
PRODUCING AN OPTOELECTRONIC
SEMICONDUCTOR COMPONENT

This patent application 1s a national phase filing under

section 371 of PCT/EP2014/078404, filed Dec. 18, 2014,
which claims the priority of German patent application 10

2013 114 466.7, filed Dec. 19, 2013, each of which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The mvention 1s directed to an optoelectronic semicon-
ductor component and a method for producing an optoelec-
tronic semiconductor component.

BACKGROUND

The work leading to this invention has received funding
from the European Union Seventh Framework Programme
FP.-NMP-2011-SMALL-5 under grant agreement n°
280694,

International Application WO 2013/029862 A1l describes

an optoelectronic semiconductor component and a method
for producing an optoelectronic semiconductor component.

SUMMARY OF THE INVENTION

Embodiments of an optoelectronic semiconductor com-
ponent and embodiments for manufacturing an optoelec-
tronic semiconductor component are provided.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the optoelectronic semi-
conductor component comprises a multiplicity of active
regions. The active regions are each configured for gener-
ating a primary radiation. For example, during operation, the
active regions generate light in the spectral range between
UV radiation and infrared radiation, in particular visible
light. The optoelectronic semiconductor component can
comprise two or more active regions, 1n particular a hundred
or more active regions or a thousand or more active regions.
The active regions are, for example, connected to each other
in an electrically conductive manner such that at least 50%
of the active regions, in particular at least 75%, for example
all of the active regions, generate the primary radiation at the
same time during operation.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the optoelectronic semi-
conductor component comprises a multiplicity of lumines-
cent material particles which are configured for converting
the primary radiation into secondary radiation. The lumi-
nescent material particles can be configured, for example,
for converting a higher-energy primary radiation into a
lower-energy secondary radiation. However, it 1s also pos-
sible for the luminescent material particles to be configured
for converting a low-energy primary radiation into a higher-
energy secondary radiation. In this case, for example, inira-
red primary radiation can be converted into visible light.
Thereby, 1t 1s possible for the luminescent material particles
to convert a majority of the primary radiation, or within
manufacturing tolerances all of the primary radiation, into
secondary radiation. It 1s further possible that only some of
the primary radiation 1s converted into secondary radiation
by the luminescent material particles, and therefore the
optoelectronic semiconductor component emits mixed light
during operation, said mixed light being composed of the
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primary radiation and the secondary radiation. The opto-
clectronic semiconductor component can then emit in par-
ticular white mixed light during operation.

According to at least one embodiment of the optoelec-
tronic semiconductor component, at least a plurality of the
active regions 1s arranged spaced apart from each other. That
1s to say, the active regions do not contact each other at least
in regions but rather are formed as mutually separate regions
at least 1n regions. The active regions can be arranged spaced
apart from each other at least 1n regions for example 1n
lateral directions which extend in parallel with a main
extension plane of the optoelectronic semiconductor com-
ponent. The active regions can thereby be connected
together e.g. at their base surfaces or their cover surfaces by
a common material or a common carrier. However, 1n
particular, the regions of the active regions which emit
primary radiation during operation of the optoelectronic
semiconductor component are arranged spaced apart from
cach other.

The active regions can each have a main extension
direction. The main extension directions of a majority, e.g.
of all active regions, can extend 1n parallel with each other
within manufacturing tolerances. The main extension direc-
tion then extends e.g. transversely or perpendicularly to the
lateral directions, in which the active regions are arranged
spaced apart from each other. The active regions can have a
core region which 1s connected to a first semiconductor
maternial. The active regions can be connected to each other
in each case at a base surface and/or a cover surface of the
active regions via this first semiconductor material.

Furthermore, the active regions have an active layer
which covers the core region at least 1n directions transverse
to the main extension direction of the active region. That 1s
to say, the active layer can be formed on peripheral surfaces
and, 1I applicable, also on cover surfaces of the active
regions and can cover the core region at that location. In
particular, it 1s also possible, however, that base surfaces
and/or cover surfaces of the active regions are each free of
the active layer and merely peripheral surfaces of the active
regions are covered by the active layer.

Furthermore, the active regions can comprise a cover
layer which 1s formed with a second semiconductor material
and covers the active layer at least in directions transverse to
the main extension direction of the active region. The cover
layer can be formed, for example, with a second semicon-
ductor material which differs from the first semiconductor
material 1n particular in its doping.

On the whole, 1t 1s thus possible that a majority, 1n
particular all, of the active regions each have a core region
which 1s covered 1n each case by an active layer in directions
transverse to the main extension direction of the active
region, which active layer 1s in turn covered by a cover layer
in each case in particular also 1n directions transverse to the
main extension direction of the active region.

The active regions can thereby be in particular so-called
nanorods or microrods, in which a shell having an active
layer 1s applied around a core which extends in all three
spatial directions. In particular, these are core shell nanorods
or core shell microrods. The semiconductor material, with
which the active regions are formed, 1s for example a nitride
compound semiconductor material. In particular, the active
regions can be based on InGaN.

The active regions have a diameter, as measured 1n lateral
directions, of e.g. between at least 100 nm and at the most
S5 um. In the main extension direction, the active regions
have a length which 1s larger than the diameter. For example,
the length of the active regions 1s at least twice as large as
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the diameter, in particular at least five times as large as the
diameter, in particular at least 20 times as large as the
diameter of the active regions.

According to at least one embodiment of the optoelec-
tronic semiconductor component, at least some of the lumi-
nescent material particles are arranged between the active
regions. That 1s to say, at least some of the multiplicity of
luminescent material particles 1s arranged in the space
between the active regions which are spaced apart from each
other. In particular, 1t 1s possible that the space between the
active regions 1s filled at least partially by luminescent
material particles. The luminescent material particles
thereby have 1n particular for the most part a diameter which
1s smaller than the distance between two adjacent active
regions ol the multiplicity of active regions. That 1s to say,
at least a majonty of the luminescent material particles, e.g.
at least 75%, 1n particular at least 90%, within manufactur-
ing tolerances in particular all of the luminescent material
particles, have a diameter which 1s smaller than the distance
between two adjacent active regions of the multiplicity of
active regions. Thereby, the active regions are preferably
arranged uniformly, e.g. at the lattice points of a regular
lattice, and therefore the distance between adjacent active
regions deviates a little or hardly by an average value.

According to at least one embodiment, an optoelectronic
semiconductor component 1s provided having: a multiplicity
ol active regions which are configured for generating pri-
mary radiation, and a multiplicity of luminescent material
particles which are configured for converting the primary
radiation into secondary radiation, wherein at least a plural-
ity of the active regions are arranged spaced apart from each
other, have a main extension direction, have a core region
which 1s formed with a first semiconductor material, have an
active layer which covers the core region at least 1n direc-
tions transverse to the main extension direction of the active
region, and have a cover layer which 1s formed with a second
semiconductor material and covers the active layer at least
in directions transverse to the main extension direction of
the active region, at least some of the luminescent material
particles are arranged between the active regions, and the
diameter of a majority of the luminescent material particles
1s smaller than the distance between two adjacent active
regions of the multiplicity of active regions.

An optoelectronic semiconductor component described
herein having a multiplicity of active regions 1s character-
1zed 1n particular 1n that owing to the multiplicity of active
regions which extend along a main extension direction, the
radiation-emitting surface of the optoelectronic semiconduc-
tor component 1s enlarged. The active regions can be pro-
duced with a III-V material, 1n particular a III-N material
and, depending upon the indium content 1n the active layer,
emit e.g. light with a peak wavelength in a wavelength range
of at least 380 nm to at the most 550 nm. Thereby, the peak
wavelength 1s 1n particular the wavelength of maximum
emission. In particular, blue light 1s generated. In order to
generate white light, a luminescence conversion material 1s
arranged downstream of the active regions 1n the beam path
of the primary radiation.

The consideration behind an optoelectronic semiconduc-
tor component described herein 1s inter alia that a lumines-
cent material arranged as close as possible to an active
region 1s advantageous since the tight connection of the
luminescent material to the active regions permits improved
heat dissipation of the Stokes losses produced during the
conversion. In addition, the active regions are mechanically
stabilized by introducing luminescent material particles
between the active regions. Furthermore, 1t has been shown
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that luminescent material particles can also scatter the
primary radiation which results 1n the fact that primary
radiation exiting at the cover layer of the active regions can
be scattered 1n the direction of the main extension direction
and 1n this manner the emission efliciency of the optoelec-
tronic semiconductor component i1s increased since the
absorption of primary radiation of one active region into
adjacent active regions 1s reduced in this manner. Further-
more, the luminescent material particles convert at least
some of the primary radiation into secondary radiation
which, owing to the e.g. relatively large band gap in the
active layer of the active regions, can hardly be absorbed
thereby.

In the present case, 1n order to form the optoelectronic
semiconductor component, luminescent material particles
are selected which are characterized by a small diameter, and
therefore the luminescent material particles can be arranged
between adjacent active regions, that i1s to say the lumines-
cent material particles fit, 1n terms of their size, between
adjacently arranged active regions.

According to at least one embodiment, the distance
between the active regions 1s selected to be so large that no
nanoparticles have to be used for the luminescent materials.
That 1s to say, the luminescent materials then have a diam-
cter, e.g. a D90 diameter, of at least 100 nm.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the D90 diameter of the
luminescent material particles 1s smaller than the average
minimum distance between adjacent active regions of the
multiplicity of active regions. “D90 diameter” means that
90% of the luminescent material particles are smaller than
the stated value. The diameter 1s determined e.g. 1n Q,. Q,
in this case stands for the mass distribution sum or the
volume distribution sum. For luminescent material particles
whose D90 diameter 1s smaller than the average minimum
distance between adjacent active regions, 1t 1s ensured that
substantially all of the luminescent material particles have a
s1ze such that the luminescent material particles fit between
adjacent active regions. That 1s to say, with such luminescent
material particles, within manufacturing tolerances, the
maximum diameter of all the particles 1s smaller than the
distance between two active regions of the optoelectronic
semiconductor component.

Here and hereinafter, the term ‘diameter’ 1s to be under-
stood to mean 1n particular the equivalent diameter which 1s
more particularly the volumetric equivalent diameter.

In contrast thereto, luminescent material particles which
are used e.g. in light-emitting diodes were previously pro-
duced as luminescent material particles which were as large
as possible because 1n conventional light-emitting diodes
these are more eflicient than fine luminescent material
particles. In these conventional luminescent material par-
ticles, the average particle size, the D30 diameter, 1s typi-
cally DS0>5 um.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the D50 diameter of the
luminescent material particles 1s between at least 10% and at
the most 50% of the average mimimum distance between
adjacent active regions of the multiplicity of active regions.
The D30 diameter specifies the average particle size,
wherein 50% of the luminescent material particles have a
diameter which 1s smaller than the stated range.

In the present case, the average minimum distance
between adjacent active regions 1s prelferably between at
least 1.5 um and at the most 10 um. The D50 diameter of the
luminescent material particles 1s thus between at least 200
nm and at the most 5 um. In particular, a D50 diameter of the
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luminescent material particles between at least 0.5 pm and
at the most 2.5 um 1s preferred. The average minimum
distance between the active regions 1s, within manufacturing
tolerances, 5 um for example.

The luminescent material particles are selected, for
example, from the following group of luminescent materi-
als: garnets of general composition (Y,Lu,Gd,Ce)3(Al,Ga)
5012, (Y,Lu,Gd,Ce, Tb)3(Al,Ga)5012, (EA,SE)251(0O,N )M,
where EA designates one or more elements of the alkaline
carth metals, EAAI-SIN3EU, where EA designates one or
more elements of the alkaline earth metals, luminescent
material particles consisting of inorganic semiconductor
maternial, for example consisting of II-VI-semiconductor
materials such as CdSe, CdZn, CdS, ZnO.

In particular, the luminescent material particles thereby
have a particularly homogeneous morphology. For instance,
the luminescent material particles consist, within manufac-
turing tolerances, predominantly or completely of individual
crystallites or small agglomerates of individual crystallites
and hardly contain splintered or broken grains.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the optoelectronic semi-
conductor component includes a current spreading layer
which covers the multiplicity of active regions at their outer
surfaces at least 1n places and connects same together in an
clectrically conductive manner. For example, the current
spreading layer 1s 1n direct contact with the cover layer of the
active regions. The current spreading layer can completely
cover the active regions at their exposed outer surface. The
current spreading layer 1s then preferably formed to be
radiolucent.

In such a case, the current spreading layer can be formed
with a semiconductor material or with a transparent con-
ductive oxide. In that case, ITO 1s suitable as the material for
forming the current spreading layer for example. It 1s further
possible for the current spreading layer to be formed with a
radiopaque, e.g. retlective, material such as, for example, a
metal. In that case, the current spreading layer does not
completely cover the active regions but rather 1s 1n direct
contact therewith e.g. only 1 a limited region of the outer
surface of the active regions. It 1s further possible for the
current spreading layer to be formed with a semitransparent,
conductive material which 1s then thinly applied. In this
case, the current spreading layer can be formed e.g. with
graphene or can consist of graphene.

According to at least one embodiment of the optoelec-
tronic semiconductor component, some of the luminescent
material particles directly adjoin the cover layer of one of the
multiplicity of active regions and/or some of the luminescent
material particles directly adjoin the current spreading layer.
I1, for example, a current spreading layer 1s provided which
completely or partially covers the active regions, then some
of the luminescent material particles can then be 1n direct
contact with this current spreading layer. In the scenario
when a current spreading layer i1s not provided, some of the
luminescent material particles directly adjoin the cover layer
ol an active region.

In both cases, 1n particular a matrix material arranged
between the active region and the adjoiming luminescent
material particles 1s not provided. That 1s to say, the lumi-
nescent material particles can be brought particularly close
to the outer surface of an active region. In this manner, for
example, heat can be etliciently dissipated from the lumi-
nescent material particles via the active regions. The dis-
tance between the luminescent material particles and the
active layer 1s preferably at the most 100 nm, 1n particular
between at least 0.1 and at the most 100 nm. For example,
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the distance 1s between at least 0.1 nm and at the most 10
nm, in particular between at least 0.1 nm and at the most 4
nm.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the optoelectronic semi-
conductor component includes different types of lumines-
cent material particles. The different types of luminescent
material particles can be e.g. luminescent material particles
of different sizes. It 1s Turther possible that different types of
luminescent material particles differ from each other 1n
terms of their chemical composition.

Different types of luminescent material particles can be
arranged 1n different layers. It 1s, for example, possible that
so many luminescent material particles are arranged 1n a first
layer that the outer surface of the active regions 1s covered
thereby, but the intermediate spaces between the active
regions still has an empty volume. In that case, a diflerent
type of luminescent material particle can then fill these
intermediate spaces. It 1s further possible that the first type
of luminescent material particle completely occupies the
active regions and the intermediate spaces between the
active regions and the second type of luminescent material
particle 1s applied onto the first type of luminescent material
particle as a layer.

For example, it 1s possible to apply a red light-emitting
luminescent material 1n the form of a first type of lumines-
cent material particle particularly close to the active regions.
In that case, a second type of luminescent material particle
which emits green and/or yellow secondary radiation 1s
applied onto the first type of luminescent material particle.
In this manner 1t 1s ensured that secondary radiation emaitted
by the first type of luminescent material particle 1s absorbed
into the second type of luminescent material particle to the
least possible extent.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the luminescent material
particles are at least partially covered by radiation-scattering,
particles, that 1s to say radiation-scattering particles can also
be applied in addition to the luminescent material particles.
The radiation-scattering particles are not provided for con-
version purposes. The radiation-scattering particles can be
formed e.g. with a metal oxide, a metal nitride, a semicon-
ductor oxide or a semiconductor nitride. For example,
particles consisting of at least one of the following materials
are suitable for forming the radiation-scattering particles:
1102, A1203, ZrO2, S102.

The D30 diameter of the radiation-scattering particles 1s
preferably in the range between 50 nm and 500 nm. That 1s
to say, the radiation-scattering particles have, on average, a
smaller diameter than the luminescent material particles. In
this manner, 1t 1s possible that radiation-scattering particles
can also be introduced between already applied luminescent
material particles. The radiation-scattering particles can
form e.g. a layer which appears white.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the luminescent material
particles are at least partially covered by radiation-absorbing
particles. The radiation-absorbing particles which are like-
wise not provided for conversion purposes can be e.g.
carbon or an inorganmic pigment. The radiation-absorbing
particles which e.g. can have a D50 diameter 1n the range of
at least 50 nm to at the most 500 nm i1s used to increase the
contrast between the light which 1s emitted at different active
regions which becomes particularly noticeable when light
emitted from the optoelectronic semiconductor component
1s projected onto a remote surface. Particular wavelength
ranges of the emitted light can be absorbed after conversion
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by absorbers, e.g. morganic pigments, whereby undesired
wavelengths 1n the light can be removed. In this manner, 1t
1s possible to generate e.g. light having particular color
purity.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the luminescent material
particles and, 11 applicable, the further particles are applied
clectrophoretically. That 1s to say, the particles are deposited
onto the active regions and between the active regions using
an electrophoresis method. The fact that the particles are
applied electrophoretically can be seen e.g. with the aid of
residues of the suspension, from which the particles are
deposited, and the high density at which the particles are
arranged on and between the active regions. The feature
“deposited electrophoretically” 1s thus not a method feature
but an object feature which can further be seen on the
finished product, 1.e. on the optoelectronic semiconductor
component.

According to at least one embodiment of the optoelec-
tronic semiconductor component, a passivation layer covers
the luminescent material particles and, 1f applicable, the
radiation-scattering particles and/or the radiation-absorbing,
particles at least on their sides facing away from the active
regions.

The passivation material 1s in particular an electrically
insulating matenial. Furthermore, the passivation material
can be suitable to protect the particles and the active regions
from moisture and atmospheric gases. The passivation mate-
rial can have a higher refractive index than air, wherein the
refractive index 1s e.g. between that of air and that of the
semiconductor material of the optoelectronic semiconductor
component, 1.e. for example the refractive index of GaN. In
a particularly preferred manner, the refractive index of the
passivation material 1s greater than or equal to 1.4 and the
passivation material permits in this manner an improved
out-coupling of the light from the semiconductor body of the
optoelectronic semiconductor component.

The passivation material which forms the passivation
layer can be e.g. synthetic material such as silicones, silicone
hybrids and epoxy resins. Such materials can be applied on
and between the active regions by spin-coating, dispensing
or an injection molding or transier molding process. In
addition or alternatively, the passivation material can be
parylene which 1s applied for example by vapor deposition
as a passivation layer with a thickness of at least 500 nm to
at the most 20 um. Such a material 1s able to difluse 1nto the
smallest possible gaps and can also penetrate between the
luminescent material particles and, if applicable, the further
particles.

Furthermore, the passivation layer can be formed by a
glass layer which can be produced e.g. by casting.

It 1s further possible that the passivation layer includes
inorganic materials such as aluminum oxide, silicon oxide,
silicon nitride, titanium dioxide or tantalum oxide which are
applied by vapor deposition processes such as CVD, PVD or
ALD onto the active regions, the particles and between the
active regions. These materials are also able to diffuse into
the smallest possible gaps and in this manner can be
arranged between the luminescent material particles in the
optoelectronic semiconductor component.

According to at least one embodiment of the optoelec-
tronic semiconductor component, the optoelectronic semi-
conductor component i1s Iree ol a matrix material. That 1s to
say, the luminescent material particles and the other particles
described herein are not applied onto the active regions and
between the active regions whilst dissolved in a matrix
material, wherein the matrix material remains 1n the com-
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ponent, but rather the particles are deposited without the use
of a matrix material remaining in the semiconductor com-
ponent and, iI applicable, are covered by the material of the
passivation layer at a subsequent point m time. In this
manner 1t 1s possible to bring the luminescent material
particles as close as possible to the active regions 1n layers
which are defined as precisely as possible. Furthermore, the
clectrophoretic deposition of the luminescent material par-
ticles 1s a particularly protective application method, by
means ol which damage to the active regions, which are
capable of being easily mechanically damaged, cannot
occur. In particular, 1f luminescent maternial particles are
applied onto or between the active regions within a matrix
material, the used methods such as injection molding or
transier molding can cause damage to the active regions, e.g.
severing ol individual active regions, which 1s avoided 1n the
present case.

A method for producing an optoelectronic semiconductor
component 1s also provided. An optoelectronic semiconduc-
tor component described herein can be produced by means
of a method described herein. That 1s to say that all of the
teatures disclosed for the optoelectronic semiconductor
component are also disclosed for the method, and vice versa.

According to at least one embodiment of the method for
producing an optoelectronic semiconductor component, a
suspension 1s provided which includes a solvent and a
multiplicity of luminescent material particles. The lumines-
cent material particles are configured for converting primary
radiation 1nto secondary radiation.

The solvent includes for example water, alcohol, ketone,
aromatic hydrocarbon, aliphatic hydrocarbon. At least one
type of luminescent material particle 1s mtroduced into the
solvent. Prior to mtroducing the luminescent materials nto
the solvent, the particle surface of the luminescent material
particles can be wetted or moistened with water.

Furthermore, a multiplicity of active regions which 1s
configured for generating primary radiation are provided.
The multiplicity of active regions can be, for example, as
stated further above, core shell nanorods or core shell
microrods.

According to at least one embodiment of the method, an
clectrophoretic deposition of at least some of the lumines-
cent material particles of the suspension between the active
regions takes place, wherein the diameter of a majority of
the luminescent material particles which are deposited 1s
smaller than the distance between two adjacent active
regions of the multiplicity of active regions. For this pur-
pose, the multiplicity of active regions can be itroduced e.g.
together with the suspension into a reaction vessel. In an
clectrical voltage field, the luminescent material particles are
then electrophoretically deposited between the active
regions and on the active regions, wherein at least some of
the active regions form an electrode for the electrophoretic
deposition.

According to at least one embodiment of the method, the
method comprises the following steps: providing a multi-
plicity of active regions which are configured for generating
primary radiation, providing a suspension comprising a
solvent and a multiplicity of luminescent material particles
which are configured for converting the primary radiation
into secondary radiation, electrophoretically depositing at
least some of the luminescent material particles between the
active regions, wherein the diameter of a majority of the
luminescent material particles, which are electrophoretically
deposited, 1s smaller than the distance between two adjacent
active regions of the multiplicity of active regions.
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By way of the electrophoretic deposition, the luminescent
maternal particles are preferably deposited on the protruding
active regions, which form three-dimensional structures, 1n
particular on the lateral surtaces of the active regions owing
to a field line curve 1n the electrical voltage field. As a result,
the active regions can be covered particularly effectively
with luminescent material particles, whereby the coupling of
the luminescent material particles to the active regions 1s
improved and the reabsorption of primary radiation 1is
reduced. For the electrophoretic deposition, luminescent
material particles having an average particle size which
corresponds €.g. to between at least 10% and at the most
50% of the distance between two adjacent active regions are
used. The luminescent material particles are deposited on all
of the electrically conductive regions, wherein an electri-
cally conductive coating can also be provided which can be
removed 1n a wet-chemical process following the electro-
phoretic deposition. Such a method 1s described 1n another
context, e.g. in German patent application 102012105691.9,
the disclosure content of which 1s hereby expressly incor-
porated by reference.

According to at least one embodiment of the method, a
current spreading layer 1s used for contacting the multiplic-
ity of active regions as an electrode during the electropho-
retic deposition. That 1s to say, for example the current
spreading layer, described further above, of the active
regions, which layer can be formed e.g. with a transparent,
conductive oxide, 1s used as a counter electrode for the
clectrophoretic deposition, and therefore the luminescent
material particles are at least partially in direct contact with
the current spreading layer after the electrophoretic deposi-
tion and 1n this manner are arranged particularly close to the
active layer of the associated active region.

According to at least one embodiment of the method, the
suspension 1s stored 1 a reaction vessel, in which the
suspension can rest, for a predeterminable time period
betore the electrophoretic deposition. Thereby, luminescent
material particles having a diameter greater than the mini-
mum average distance between adjacent active regions settle
at least for the most part, and are not also deposited during
the subsequent electrophoretic deposition. The rest time can
be at least one hour to e.g. at the most 24 hours. Owing to
the settling process, the luminescent maternial particles hav-
ing a large particle diameter collect at the bottom or in the
lower region of the reaction vessel and are then not depos-
ited on and between the active regions.

In addition to the solvent and the luminescent material
particles, the suspension can contain the above-mentioned
radiation-reflecting and/or radiating-absorbing particles or
the active regions provided with luminescent material par-
ticles are arranged in a further suspension which contains
said particles.

It 1s further possible that this suspension contains, in
addition to the luminescent matenal particles and the sol-
vent, morganic salts such as e.g. nitrates, hydroxides,
halides, sulfates, phosphates, oxides of alkaline earth metals
and/or oxides of rare earth metals.

If different types of luminescent maternal particles are to
be deposited in different layers, then different luminescent
material particles can be deposited successively on and
between the active regions. For this purpose, the active
regions are 1nitially introduced into a bath of a suspension
having the first type of luminescent material particle and the
first type of luminescent material particle 1s deposited.
Following therefrom, the active regions are introduced into
a second bath of a suspension having the second type of
luminescent material particle and further luminescent mate-
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rial particles are deposited. The different types of lumines-
cent material particles can difler from each other in terms of
their chemical composition and/or the average particle size
or the particle size distribution.

The conductive layer which 1s used as a counter electrode
for the electrophoretic deposition, 1.e. for example the cur-
rent spreading layer, can be structured, and therefore a
targeted action can be exerted on the deposition position of
the luminescent material particles. For example, only a
sub-region of the active regions can be provided with the
conductive layer used as a counter electrode, whereby 1n that
case only this region 1s covered with luminescent material
particles.

In the case of the optoelectronic semiconductor compo-
nents described herein and methods described herein, an
clectrophoretic deposition 1s combined with luminescent
materials with a micrometer grain size which are applied
onto active regions, more particularly onto so-called core
shell microrods.

The active regions have a diameter, as measured 1n lateral
directions, of e.g. between at least 100 nm and at the most
S5 um. In the main extension direction, the active regions
have a length which 1s larger than the diameter. For example,
the length of the active regions 1s at least twice as large as
the diameter, 1n particular at least five times as large as the
diameter, in particular at least 20 times as large as the
diameter of the active regions. In this manner, the lateral
surfaces of the active regions, on which electrophoretic
deposition preferably occurs through the field line curve,
form the largest surface of the active regions.

The optoelectronic semiconductor components described
herein and the methods described herein are thus character-
ized by at least the following advantages: the size of the
luminescent material particles specifically adapted to the
active regions and the narrow size distribution of the lumi-
nescent material particles which can also be influenced by
the settling 1n the suspension during the application process,
allows the mtroduction of the luminescent material particles
into the intermediate spaces between the active regions.

The electrophoretic deposition 1s particularly suitable for
applying the luminescent matenal particles between the
active regions. At the beginning of the deposition process,
deposition takes place at the conductive surfaces of the
active regions and thus preferably at the lateral surfaces of
the active regions which form the largest surface of the
active regions. As the deposition time period increases, the
regions between the active regions can be filled, and even
overdilled. As a result, a desired chromaticity coordinate of
the generated light can be adjusted.

The extremely tight connection of the luminescent mate-
rial particles to the active regions allows heat to be particu-
larly efliciently dissipated from the luminescent material
particles and thus allows the temperature-induced diminish-
ment 1n the luminescent material etfliciency to be reduced.

Furthermore, the luminescent material particles arranged
between the active regions mechanically stabilize said
regions.

The conversion of primary radiation generated in the
active regions mnto in particular lower-energy secondary
radiation reduces the reabsorption of primary radiation in
adjacent active regions.

By using core shell microrods as active regions, the active
volume and thus the luminous density of the optoelectronic
semiconductor component 1s increased.

The electrophoretic deposition of the luminescent mate-
rial particles allows a high degree of flexibility in relation to
the filling extent, introduction of further functional materials
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such as scattering bodies and sequence of different materials
than would be possible for example with settling only. By
way ol a corresponding structuring of the conductive layer
which 1s used as a counter electrode, a targeted action can be
exerted on the deposition position of the luminescent mate-
rial particles and the further particles to be deposited.

BRIEF DESCRIPTION OF THE DRAWINGS

Optoelectronic semiconductor components described
herein and methods described herein will be explained in
more detail heremaifter with the aid of exemplified embodi-
ments and the associated figures.

FIG. 1A shows a cross sectional view of a plurality of
active regions and a current spreading layer according to
embodiments;

FIG. 1B shows a cross sectional view of a plurality of
active regions and a current spreading layer according to
other embodiments:

FIG. 1C shows a cross sectional view of deposited lumi-
nescent material particles according to embodiments;

FIG. 1D shows a top view of deposited luminescent
maternal particles according to embodiments;

FIG. 2 shows a cross sectional view of deposited lumi-
nescent material particles according to further embodiments;

FIG. 3 shows a cross sectional view of different deposited
luminescent material particles and a passivation layer
according to embodiments;

FIG. 4 shows a cross sectional view of an optoelectronic
semiconductor component and a housing according to
embodiments;

FIG. 5 shows a cross sectional view of an optoelectronic
semiconductor component and a housing according to fur-
ther embodiments;

FIG. 6 shows a cross sectional view of an optoelectronic
semiconductor component and a housing according to yet
further embodiments;

FIG. 7 shows a cross sectional view of an optoelectronic
semiconductor component and a housing according to other
embodiments; and

FIGS. 8A and 8B shows a suspension according to
embodiments.

Identical, similar elements or elements which act in an
identical manner are provided with the same reference
numerals in the figures. The figures and the size ratios of the
clements with respect to each other, as illustrated 1n the
figures, are not to be considered as being to scale. Rather,
individual elements can be 1llustrated excessively large for
improved clarity and/or for improved understanding.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

A method step of an exemplified embodiment of a method
described herein 1s explained 1n more detail 1n conjunction
with the schematic sectional illustration 1n FIG. 1A.

In the method, mitially a multiplicity of active regions 1
1s provided. Fach active region includes a core region 10
which 1s formed with a first semiconductor material which
1s, for example, an n-conductive GaN. The core region 1s
completely covered by an active layer 11 which 1s provided
for generating electromagnetic primary radiation and 1is
based e.g. on InGalN. The active layer 11 1s covered by a
cover layer 12 which 1s formed, for example, with a second
semiconductor material. The cover layer 12 can be formed,
for example, with p-doped GaN.
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The active region 1 has a main extension direction R,
along which 1t extends. The active region 1 1s preferably
formed longer 1n the main extension direction R than 1t 1s
wide 1n lateral directions, transverse or perpendicular to the
main extension direction R. At their outer surfaces, the
active regions 11 are each provided with a current spreading
layer 13 which, in the exemplified embodiment 1n FIG. 1A,
completely covers the active regions 1 at their exposed outer
surface and, for example, can be formed with a transparent,
conductive oxide.

The multiplicity of active regions 1 are connected
together via the first semiconductor material 3 which can be
epitaxially grown on a growth substrate 2. The first semi-
conductor matenal 1s, e.g. likewise n-doped GaN.

An 1nsulation layer 4 1s formed on the lower sides of the
active regions 1 at the location where they are connected
together via the first semiconductor material 3, which 1nsu-
lation layer can also be used as a mask for generating the
active regions 1 during the epitaxial growth. However, the
insulation layer 4 does not have to correspond to a growth
mask and can also be introduced subsequently—that is to
say upon completion of the epitaxial growth. The insulation
layer 4 1s formed, for example, with a semiconductor oxide
or a semiconductor mitride such as silicon oxide or silicon
nitride. The insulation layer 4 1s formed 1n an electrically
insulating manner and insulates the core region 10 and the
first semiconductor material 3 from the cover layer 12 and
the current spreading layer 13.

The current spreading layer 13 1s connected to a connec-
tion point 55 1n an electrically conductive manner, via which
the optoelectronic semiconductor component can be con-
tacted from the outside. Furthermore, the first semiconductor
material 3 1s connected to the connection point 5¢ 1 an
clectrically conductive manner, via which the semiconduc-
tor component can likewise be contacted.

FIG. 1B illustrates an alternative design for the multiplic-
ity of active regions, in which the current spreading layer 13
does not completely cover the active regions 1 but 1s merely
formed at the base surface thereof. It can be seen from the
schematic plan view 1n FIG. 1B that the current spreading
layer 13 surrounds the active regions 1 in a frame-like
manner and 1n particular completely covers the insulation
layer 4 between active regions. In the subsequent electro-
phoretic deposition process, the current spreading layer 13
in FIG. 1A or the current spreading layer 13 1n FIG. 1B can
be used for depositing luminescent material particles 6. For
the scenario with the active regions as per FIG. 1B, lumi-
nescent material particles can be deposited in a targeted
manner 1 the lower region of the active regions 1, 1.e.
adjoining the first semiconductor material 3. For the sce-
nario with the current spreading layer 13 as per FIG. 1A, the
active regions can be completely covered with luminescent
material particles.

FIG. 1C 1llustrates a method step 1n which luminescent
material particles 6a are initially electrophoretically depos-
ited on the current spreading layer 13, wherein the current
spreading layer 13 1s used as the counter electrode for the
clectrophoretic deposition. Then, a further type 65 of lumi-
nescent material particle and/or radiation-scattering particles
or radiation-absorbing particles 7 can be deposited on the
active regions and between the active regions 1.

The schematic plan view 1n FIG. 1D illustrates an appli-
cation of luminescent material particles 6 merely in the
region of the base surface of the active regions 1 between the
active regions, as can be achieved for example by a current
spreading layer 13 as a counter electrode for electrophoretic
deposition, as 1illustrated 1n FIG. 1B.
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In all of the exemplified embodiments, the average diam-
cter of the luminescent material particles 6, 6a, 65 1s selected
such that the region between adjacent active regions 1s filled
with a plurality of luminescent matenial particles which can
be arranged next to each other. That 1s to say, the average
diameter of the luminescent material particles 1s smaller than
the average minimum distance d between adjacent active
regions 1. In this manner, 1t 1s possible to bring a multiplicity
of luminescent material particles as close as possible to the
active layers 11 of the active regions.

In the exemplified embodiment 1n FIG. 2, 1n contrast e.g.
to the exemplified embodiment 1n FIG. 1C, an optoelec-
tronic semiconductor component 1s 1llustrated 1n which the
intermediate space between adjacent active regions 1 1is
completely filled with a first type 6a of luminescent material.
The luminescent material 6a 1s thereby electrophoretically
deposited. Then, a second type of luminescent material 65,
which differs from the first type of luminescent material e.g.
in terms of 1ts size, 1ts size distribution or its chemical
composition, 1s electrophoretically deposited on the first
type of luminescent matenal, for example. However, 1t 1s
also possible for the second type of luminescent material to
be deposited using another method such as e.g. settling and
to have a more conventional size distribution.

An exemplified embodiment of an optoelectronic semi-
conductor component described herein 1s illustrated 1n con-
junction with the schematic sectional illustration 1n FIG. 3,
wherein a first portion of the multiplicity of active regions 1
1s covered with luminescent material particles 6a of a first
luminescent material and a second region 1s covered with a
second type of luminescent material particle 6b. Such a
distribution of different types of luminescent material can be
used to particularly precisely adjust the color of the light
radiated from the optoelectronic semiconductor component
during operation. Optionally, as 1s also the case in the other
illustrated exemplified embodiments, a passivation layer 17
can be applied at least on the outer surfaces of the lumines-
cent material particles 6a, 65, which layer 1s configured, for
example, as described further above. The passivation layer
17 can fix the luminescent material particles and/or protect
same from external mechanical and chemical influences.

In the exemplified embodiment 1n FIG. 4, an optoelec-
tronic semiconductor component described herein 1s applied
onto a housing body 9 which can be formed e.g. to be
reflective. The active regions 1 are surrounded by a first type
of luminescent material particle 6 which, for reasons of
clarity, 1s not illustrated in the form of beads 1n this figure
and the following figures. A conversion element 8 1s applied
onto the base surface of the growth substrate 2 facing away
from the first semiconductor material 3, which conversion
clement likewise can contain luminescent material particles
or consists of luminescent material particles.

The luminescent material particles 6 which surround the
active regions 1 can be luminescent material particles which
convert to red light, for example. The conversion element 8
can be formed, e.g. with a yellow- and/or green-converting
luminescent material. The growth substrate 1s formed for
example with sapphire and 1s radiolucent. Mixed radiation
consisting of the primary radiation, the secondary radiation
generated by the luminescence conversion particles 6 and
the further secondary radiation of the conversion element 8
can exit at the outer surface of the luminescence conversion
clement 8 facing away from the growth substrate. For
example, the mixed radiation can be warm-white light.

In the exemplified embodiment in FIG. 5, 1n contrast to
the exemplified embodiment 1n FIG. 4, the further conver-
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sion element 8 1s arranged on the upper side of the lumi-
nescent material particles 6 facing away from the growth
substrate 2.

In the exemplified embodiment 1n FIG. 6, a carrier 16,
which can be electrically conductive, for example, 1s
arranged between the housing 9 and the active regions 1.
Following the carrier 16 is a reflective layer 14 which 1s also
used as a connection point 55 for contacting the active
regions 1, e.g. on the p-side. Primary radiation and second-
ary radiation generated by the luminescent material particles
6 and the active regions 1 pass through the first semicon-
ductor material 3 which can be structured on i1ts upper
surface facing away from the reflector 14 1n order to improve

the radiation exit.

Optionally, a conversion element 8 which can be formed
in FIGS. 4 and 5 1s arranged on the upper side.

In the exemplified embodiment 1n FIG. 7, 1n contrast to
the exemplified embodiment in FIG. 6, the first semicon-
ductor material 3 1s removed such that the active regions 1
are no longer connected together by the first semiconductor
material 3. An n-side connection of the active regions 1 1s
then eflected via the electrically conductive adhesive layer
15 which 1s formed to be radiolucent. A conversion element
8 formed as described turther above can be connected to the
multiplicity of active regions 1 via the electrically conduc-
tive adhesive layer 15.

Method steps of a production method described herein are
described 1n more detail 1n conjunction with FIGS. 8A and
8B. As illustrated 1n conjunction with FIG. 8A, mitially a
suspension 20 of a solvent 21 and differently sized lumi-
nescent material particles 6a, 65 1s formed. This suspension
20 rests for a particular period of time, e.g. for at least one
hour, whereby luminescent matenal particles 656 having a
particularly large diameter, sink towards the bottom of the
reaction vessel in which the suspension 20 1s arranged.
These larger luminescent maternal particles 65 are not avail-
able for subsequent electrophoretic deposition. That 1s to
say, by selecting a predeterminable resting time for the
suspension, the size distribution of the luminescent material
particles, which are deposited on and between active regions
1, can be mnfluenced and adjusted 1n a targeted manner.
The description made with reference to the exemplified
embodiments does not restrict the invention to these
embodiments. Rather, the invention encompasses any new
feature and any combination of features, including in par-
ticular any combination of features in the claims, even 11 this
feature or this combination 1s not 1itself explicitly indicated
in the claims or exemplified embodiments.

The mvention claimed 1s:
1. A method for producing an optoelectronic semiconduc-
tor component, the method comprising:

providing a plurality of active regions configured to
generate a primary radiation;

providing a suspension comprising a solvent and lumi-
nescent material particles of different types, the lumi-
nescent material particles being configured to convert
the primary radiation mto a secondary radiation,
wherein luminescent material particles of a first type
are disposed 1n a first layer that covers an outer surface
of each active region of the plurality of active regions,
and wherein the first layer has intermediate spaces
between two adjacent active regions of the plurality of
active regions, and wherein luminescent material par-
ticles of a second type diflerent from the first type fill
the intermediate spaces; and
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clectrophoretically depositing at least some of the lumi-
nescent material particles between active regions of the
plurality of active regions,

wherein a diameter of each luminescent material particle

of a majority of the luminescent material particles,
which are electrophoretically deposited, 1s smaller than
a distance between two adjacent active regions of the
plurality of active regions, and wherein different types
of luminescent maternial particles are arranged in di-
ferent layers.

2. The method according to claim 1, further comprising
providing a current spreading layer on, and contacting, the
plurality of active regions, and using the current spreading,
layer as an electrode during the electrophoretically depos-
iting.

3. The method according to claim 1, wherein the suspen-
s10n rests, betore electrophoretically depositing, for a period
of time 1n a reaction vessel such that luminescent material
particles having a diameter which 1s greater than a minimum
average distance between adjacent active regions of the
plurality of active regions settle and subsequently are not
clectrophoretically deposited.

4. An optoelectronic semiconductor component, the com-
ponent comprising:

a plurality of active regions configured to generate a

primary radiation; and

luminescent material particles of diflerent types config-

ured to convert the primary radiation into a secondary
radiation of different wavelengths,
wherein each active region of the plurality of active
regions are arranged spaced apart from each other
active region of the plurality of active regions,

wherein each active region of the plurality of active
regions has a main extension direction,

wherein each active region of the plurality of active

regions has a core region comprising a first semicon-
ductor material,
wherein each active region of the plurality of active
regions comprises an active layer covering the core
region at least in directions transverse to the main
extension direction of the respective active region,

wherein each active region of the plurality of active
regions comprises a cover layer comprising a second
semiconductor material and covering the active layer at
least in the directions transverse to the main extension
direction of the respective active region,

wherein at least some of the luminescent material par-

ticles are arranged between active regions of the plu-
rality of active regions,

wherein a diameter of each luminescent material particle

of a majority of the luminescent material particles 1s
smaller than a distance between two adjacent active
regions of the plurality of active regions,

wherein the different types of luminescent material par-

ticles are arranged 1n different layers; and

wherein luminescent material particles of a first type are

disposed 1n a first layer that covers an outer surface of
cach active region of the plurality of active regions, and
wherein the first layer has intermediate spaces between
two adjacent active regions of the plurality of active
regions, and wherein luminescent material particles of
a second type different from the first type fill the
intermediate spaces.

5. The optoelectronic semiconductor component accord-
ing to claim 4, wherein a D90 diameter of each luminescent
material particle of the majority of the luminescent material
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particles 1s smaller than an average minimum distance
between adjacent active regions of the plurality of active
regions.

6. The optoelectronic semiconductor component accord-
ing to claim 4, wherein a D30 diameter of each luminescent
material particle of the majority of the luminescent material

particles 1s between at least 10% and at most 50% of an
average minimum distance between adjacent active regions
of the plurality of active regions.

7. The optoelectronic semiconductor component accord-
ing to claim 4, wherein a current spreading layer covers at
least a portion of each active region of the plurality of active
regions at an outer surface of the respective active region,
and wherein the current spreading layer connects each active
of the plurality of active regions together 1n an electrically
conductive manner.

8. The Optoelectronic semiconductor component accord-
ing to claim 4, wherein some of the luminescent material
particles directly adjoin at least one of the cover layer of the
plurality of active regions or a current spreading layer.

9. The optoelectronic semiconductor component accord-
ing to claam 8, wherein a distance between some of the
luminescent material particles and at least one active layer of
at least one active region of the plurality of active regions 1s
at most 100 nm.

10. The optoelectronic semiconductor component accord-
ing to claim 4, wherein each particle of the luminescent
matenal particles 1s covered at least partially by radiation-
scattering and/or radiation-absorbing particles.

11. The optoelectronic semiconductor component accord-
ing to claim 10, wherein the luminescent maternal particles
and the radiation-scattering and/or radiation-absorbing par-
ticles are electrophoretically applied.

12. The optoelectronic semiconductor component accord-
ing to claim 10, wheremn a passivation layer covers the
luminescent material particles and the radiation-scattering
and/or radiation-absorbing particles at least on their sides
facing away from the plurality of active regions.

13. The optoelectronic semiconductor component accord-
ing to claim 4, wherein the component 1s free of a matrix
maternal for the luminescent material particles.

14. The optoelectronic semiconductor component accord-
ing to the claim 4, wherein a distance between some of the
luminescent material particles and at least one active layer of
the plurality of active regions 1s at most 100 nm, and wherein
the optoelectronic semiconductor component 1s iree of a
matrix material for the luminescent material particles.

15. An optoelectronic semiconductor component, the
component comprising:

a plurality of active regions configured to generate a

primary radiation; and

luminescent material particles of different types config-

ured to convert the primary radiation into a secondary
radiation of different wavelengths;
wherein each active region of the plurality of active
regions are arranged spaced apart from each other
active region of the plurality of active regions;

wherein each active region of the plurality of active
regions has a main extension direction;

wherein each active region of the plurality of active

regions has a core region comprising a {irst semicon-
ductor material;

wherein each active region of the plurality of active

regions comprises an active layer covering the core
region at least in directions transverse to the main
extension direction of the respective active region;
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wherein each active region of the plurality of active
regions comprises a cover layer comprising a second
semiconductor material and covering the active layer at
least 1n the directions transverse to the main extension
direction of the respective active region;

wherein at least some of the luminescent material par-

ticles are arranged between active regions of the plu-
rality of active regions;

wherein a diameter of each luminescent material particle
ol a majority of the luminescent material particles 1s
smaller than a distance between two adjacent active
regions of the plurality of active regions;

wherein the different types of luminescent material par-
ticles are arranged 1n different layers;

wherein luminescent material particles of a first type
completely occupy each active region of the plurality of
active regions and intermediate spaces between the
plurality of active regions; and

wherein luminescent material particles of a second type
different from the first type are arranged as a layer on
the luminescent material particles of the first type.

16. A method for producing an optoelectronic semicon-

ductor component, the method comprising;

10
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providing a plurality of active regions configured to
generate a primary radiation;

providing a suspension comprising a solvent and lumi-
nescent material particles of different types, the lumi-
nescent material particles being configured to convert
the primary radiation 1nto a secondary radiation; and

clectrophoretically depositing at least some of the lumi-
nescent material particles between active regions of the
plurality of active regions;

wherein a diameter of each luminescent material particle
of a majority of the luminescent material particles,
which are electrophoretically deposited, 1s smaller than
a distance between two adjacent active regions of the
plurality of active regions, wherein different types of
luminescent material particles are arranged 1n different
layers, wherein luminescent material particles of a first
type completely occupy each active region of the
plurality of active regions and intermediate spaces
between the plurality of active regions, and wherein
luminescent material particles of a second type difler-
ent from the first type are arranged as a layer on the
luminescent maternial particles of the first type.
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